SUMMARY Electrophysiologic studies using the His bundle electrogram (HBE) and histologic studies of serial sections of the conduction system were correlated in two groups of deceased patients. Group 1 consisted of five patients with chronic complete atrioventricular block (CAVB) who had narrow QRS complexes and AH block (block proximal to the His bundle deflection). Group 2 consisted of four patients with chronic CAVB who had wide QRS complexes and HV block (block distal to the His bundle deflection).
HIS BUNDLE ELECTROCARDIOGRAPHY (HBE) has made it possible to interpret various types of conduction disturbances more accurately.1' 2 However, few electrophysiologic and histologic correlative studies have been performed. In this study, we correlated the electrophysiologic and histologic findings in patients with chronic complete atrioventricular block (CAVB) and compared the findings in patients who had block proximal to the His bundle deflection (AH block) with findings in patients who had block distal to the His bundle deflection (HV block).
Materials and Methods
Nine patients (four men and five women) with CAVB were studied. All patients underwent HBE and postmortem pathologic examination and were classified into two groups. Group 1 consisted of five patients with a narrow QRS complex (less than 0.12 second). Group 2 consisted of four patients with a wide QRS complex (at least 0.12 second). The average age was 78.8 years in group 1 and 72.0 years in group 2.
A bipolar electrode was directed into the right side of the heart and HBE was performed according to Scherlag 's method3 on a direct-writing recorder (Nihonkoden rectigraph RGJ 3004, electronic amplifier AVB-2) with a time constant of 3 msec and paper speed of 50-100 mm/sec or (case 1) recorded on a switched-beam, multichannel oscilloscope (Electronics for Medicine DR-12) and photographed at a paper speed of 50-100 mm/sec. Analysis of these recordings was enhanced through use of a four-channel tape system. The PA interval was measured from the onset of the P wave to the first rapid deflection of the atrial electrogram. The NO 2 1981 recorded on the surface electrogram. The normal values (mean ± 2 SD) for the PA, AH and HV intervals in our laboratory are 31 ± 8.0 msec, 112 ± 13 msec and 43 ± 7.0 msec, respectively. The heart was examined grossly, and narrowing of coronary arteries was checked by serial section of the major coronary arteries at 5-mm intervals. The extent of narrowing was graded from 5 to 0: 5 = comphCte occlusion, 4 = 75% stenosis, 3 = 50% stenosis, 2 = 25% stenosis and 1 = minimal stenosis. A stenotic index was obtained as the sum of the largest count in each major coronary artery. The histologic study of the conduction system was done as previously reported6" 6 according to Lev's method.7' 8 Serial sections 6 ,u thick were made of the conduction system, and every tenth section was retained and stained with hematoxylin-eosin, elastic van Gieson, periodic acid Schiff or toluidine blue. We used the nomenclature of the conduction system recommended by Lev.9 The His bundle was divided into the penetrating portion Eand then the branching portion. The branching portion of the His bundle, beginning at about the point where it emerges from the central fibrous body, sends forth the posterior fascicles of the left bundle branch until the His bundle bifurcates into the right bundle branch and the anterior fascicle of the left bundle branch. The right bundle branch was subdivided into three portions, designated as the first, second and third portions. The first portion extends from the bifurcation to the proximal region of the trabecula septomarginalis. The second portion extends usually in an intramyocardial course to the distal region to the trabecula septomarginalis followed by the third portion, which runs in a subendocardial layer, terminating in the base of the anterolateral papillary muscle. The severity of lesions in the conduction system was expressed as previously reported.5' 10 In the sinoatrial node (SAN) the number of conduction cells was expressed as a percentage of normal. The degree of lesions in the approaches to the SAN, internodal tracts and the approaches to the AV node was expressed as normal (N), mild (+), moderate (++) and severe (+++). Lesions in the AV conduction system were classified into five degrees: 5 = complete interruption of conducting cells; 4 = 75% destruction; 3 = 50% destruction; 2 = 25% destruction; 1 = 10% destruction; and 0 = no change. Because of the fanlike distribution of fibers in the left bundle branch, the severity of lesions was determined from the average score of all serial sections of this structure.
Results
Clinical Findings (table 1) The findings by HBE demonstrated AH block in all group 1 patients, with PA intervals and HV intervals In group 1, the site of the main lesion was not located in the approaches to or in the AV node, but was found in the penetrating portion of the bundle of His in one case and in the branching portion of the bundle of His in three cases. In the other case, a major lesion in the AV conduction system could not be demonstrated histologically. However, marked fibrosis was found in the approaches to the SAN and in the surrounding atrial muscle (table 2) .
In contrast, the main lesion in all group 2 patients resulting in HV block was present in both bundle branches. The heart weighed 330 g, and showed moderate coronary atherosclerosis and mitral ring calcification. The changes of the conduction system were as follows: The SAN and its approaches were normal, as were the approaches to the AV node; however, the end of the AV node ( fig. 2A ) was compressed by a large, calcified INT and Autopsy revealed a heart weight of 440 g with slight coronary atherosclerosis associated with a small old anterior myocardial infarction. The tip of a pacemaker catheter was located in the posterior cardiac vein of the left ventricle through the coronary sinus.
In the conduction system, the SA node showed a moderately decreased number of conduction cells and the approaches to the SA node and the internodal tract showed moderate fibrosis. The approaches to the AV node showed minimal fatty infiltration. The AV node and the penetrating portion of the His bundle Autopsy revealed a heart weight of 310 g with slight coronary atherosclerosis. Histologic examination of the conduction system revealed severe damage to the SAN. The internodal tract and the approaches to the AV node were slightly to moderately fibrotic. The AV node showed moderate fibrosis. The penetrating His and the proximal portion of the branching His were intact ( fig. 8A ), but almost complete interruption of conduction cells in the middle part of the branching portion of the His bundle and the posterior fascicle of the left bundle branch ( fig. 8B ) was found. The more Autopsy showed a heart weight of 440 g with moderate coronary atherosclerosis. The SAN and its approaches were normal. The approaches to the AV node, the AV node itself, and the penetrating His were also normal. The branching His revealed moderate fibrotic changes, but both left bundle branch and right bundle branches were severely fibrotic ( fig. 12) . The other three cases (patients 6, 7 and 9) of CAVB with wide QRS and HV block also showed similar changes in both left and right bundle branches. In case 2, there was a slight modification in the QRS when changing from AV conduction to AV block and the histologic examinations showed marked interruption of the branching His by fibrosis from the proximal to the middle portion, but in the distal portion (almost compatible with the "pseudobifurcation" described by Rosenbaum20), the surviving conduction cells were found. In case 3, the idioventricular QRS was again compatible with a pattern of IC-LBBB, as in case 1. This case also showed complete destruction of the proximal two-thirds of the branching His with distal sparing. The posterior fascicle of the left bundle branch was also markedly interrupted, but ECG tracings demonstrated a normal frontal plane electrical axis both during intact AV conduction as well as in CAVB. Case 4 showed impressive histologic changes in the left bundle branch in addition to those of the branching His; however, this patient never demonstrated abnormal axis deviation or LBBB or patterns of escape rhythm in CAVB. In these three cases (cases 2-4) we tried repeatedly to manipulate the tip of the electrode catheter to different areas under the tricuspid valve, but a split His potential could not be recorded. Therefore, we considered that CAVB was due to AH block, with a possible lesion located in the AV node and/or in the upper part of the His bundle. The histologic findings, however, were compatible with intra-Hisian block. Intra-Hisian bundle blocks were first documented by electrophysiologic studies in 1969 by Narula et al. 21 Gupta et al. 22 assumed that various patterns may be seen on the HBE depending upon the level of block within the His bundle. If block is in the proximal part of the His bundle adjacent to the AV node, the HBE resembles AV nodal block and split His bundle potentials are not present. However, if block is located in the middle part of the His bundle, a typical split His potential is recorded, with H and H' denoting the activity of the proximal and distal segments of the His bundle. These authors also stated that if the distal part of the His bundle is involved, no H' is recorded and block occurs distal to the H potential in the presence of narrow QRS complexes.
Schuilenburg and Durrer reported four clinical cases of conduction disturbance within the His bundle and stressed that the distal part of the His bundle might be the site of the AV conduction disturbance in some cases with intra-Hisian block.
Bharati et al."' reported a clinicopathologic study in two cases with split His potentials. In that study they demonstrated calcific impingement on and degenerative changes within the bundle of His (in the middle portion of the His bundle), with apparently normal His bundle tissue proximal and distal to the lesion. The location of the main lesion was markedly different from that in our cases. All three cases in this study had complete or marked interruption of conducting cells in the branching portion of the His bundle, while the upper and middle parts of the His bundle were intact. Therefore, the main site of block in our cases was demonstrated in the distal part of the His bundle. Apparently, such lesions might occur in cases with CAVB showing block distal to the H potential (HV block) in the presence of either narrow or wide QRS complexes. In our cases, CAVB had a narrow QRS and AH block in spite of the complete interruption in the distal His.
In our three cases showing the main site of the lesion in the branching portion of the His bundle, conduction cells survived in the more peripheral portion of the His bundle, and there was only slight change of the adjacent bundle branches.
In these three cases the His potential might originate in one of two ways. First, the His potential could originate from the viable cells at the more peripheral portion of the branching His bundle; and second, the His potential might be induced by summation of the remaining fibers in the more peripheral part of the His bundle, the intact right bundle branch and, rarely, an intact fascicle of the left bundle branch. The 24 pointed out that in some patients with intra-Hisian block, a split His potential could not be found. In our three cases this may be attributed in part to the inability of the bipolar electrode to override the lesion because the site of block was not located in the middle portion but in the distal His bundle. Alternatively, the H potential may be obscured by the atrial complex if the AV nodal transmission time is short at the spontaneous rate.25 To further evaluate the latter possibility, atrial pacing might be performed. These findings in our three patients may suggest some limitations of HBE and teach us that in patients with CAVB showing apparent block proximal to the His bundle deflection (AH block), we should rule out the cases with these types of intra-Hisian block, as also pointed out by Schuilenburg and Durrer.25 Case 5 showed no significant histologic changes in the AV conducting system to explain the site of the CAVB. However, there were marked fibrotic changes in the approaches to the SAN, internodal tracts and the surrounding atrial muscle. We could not rule out the possibility of functional block in the AV node or His bundle. These pathohistologic findings may explain not only sinus node dysfunction, as previously reported,5 but also chronic CAVB. Zipes et al. 26 proved summation in antegrade AV nodal conduction, while Konishi and Matsuyama27 emphasized the im- portance of atrial excitation required for the atrial input to pass through the AV node and the His bundle. On the other hand, Mitsui et al. 28 reported that some patients showed persistent AV block after the repair of atrial septal defect, although direct damage to the AV node could not be caused by surgery. The AV block in such cases was thought to be due to intracardiac manipulation, closure of an atrial septal defect or atrial incision producing injury to intraatrial pathways, which may influence AV transmission.28 In addition, the existence of unidirectional block during temporary pacing ( fig. 9C ) may support the abovementioned interpretation as to the mechanism of the AV block in case 5.
In patients with CAVB showing narrow QRS complexes of escape beats, it is also necessary to rule out the lesions in the approaches to the AV node.29 In this study the changes on the approaches to the AV node were minimal, but only case 5 showed apparent changes in the atrial preferential pathways causing CAVB. In addition, no patient had a severe lesion in the AV node itself. In cases with chronic CAVB with narrow QRS complexes, the main site of anatomical lesion located solely in AV nodal tissue may be exceptional. 30 With regard to our four cases of CAVB with wide QRS complexes and HV block, the main sites of lesions in the conduction system were found in the bilateral bundle branches, which corresponds to socalled trifascicular block postulated by Rosenbaum et al.20 These findings are similar to those reported by Rosen et al." Details of cases 6, 7 and 9 were reported previously. 13, 17 In conclusion, a correlation study between HBE and histologic findings of the AV conduction system showed that some cases of CAVB with AH block (block proximal to the His bundle deflection) but not showing split His on HBE can have an anatomic lesion in the branching portion of the His bundle (distal His). On the other hand, cases of CAVB with HV FIGURE 14 . The lesions in the conduction system in all four cases in group 2. See figure 13 for abbreviations.
block (block distal to the His bundle deflection) on the His bundle electrogram correspond to lesions of the bilateral bundle branches.
